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Abstract 

Studies on metal accumulation and synthesis of inorganic nanomaterials in plants and their applications

The thesis is presented in six chapters, a brief summary of which is given below.
Chapter 1: General introduction     
This chapter gives a brief introduction to phytoremediation and nanotechnology with emphasis on gold nanoparticles, the various methods of syntheses of nanomaterials and their applications.
Chapter 2: Studies on Cu and Mn accumulation by plants growing on mine areas, leaching of metals from plants and converting to nanoparticles.

Section 1: Natural accumulation of copper and distribution of metals in plants growing in copper mining areas.

This chapter describes the study of Prosopis juliflora plants growing in different locations of Khetri mining sites, a single tree of Ailanthus excelsa growing at Khetri and Prosopis plants seen growing in Kolihan mining area. A study was conducted to generate information on Cu accumulation and distribution of other metals like Mn, Zn and Fe in aerial parts of Prosopis juliflora from both mines and Ailanthus excels
from Khetri.

Section 2: Bioleaching of copper from Prosopis juliflora leaves and its conversion to copper oxide nanoparticles using the fungus Fusarium oxysporum.

In this section we report the bioleaching of copper and its simultaneous biotransformation to copper nanoparticles. Our approach involves the use of Fusarium oxysporum, a plant fungus, in the biotransformation of naturally accumulated copper present in the plant leaves (Prosopis juliflora).

Section 3: Differential accumulation of manganese in three mature tree species (Holoptelia, Cassia, Neem) growing on a mine dump.

In this section we studied three naturally growing tree species on a manganese mine dump viz. Cassia siamea (Cassia), Azadirachta indica (Neem) and Holoptelia integrifolia (Holoptelia). Experiments were conducted to generate information on Mn accumulation and distribution in these trees. The data was compared with the data generated from the samples collected from the trees growing in natural vegetation in contamination free soil. The dry fallen leaves of the respective trees were collected and analyzed for Mn content.

Section 4: Bioleaching of manganese from Holoptelia leaves and its conversion to manganese oxide nanoparticles using the fungus Fusarium oxysporum.

In this section, we report the bioleaching of manganese, initially in which we could get 5-7 μM particles and then the same particles were retreated with the same fungus which simultaneously biotransformed them to manganese nanoparticles. Our approach involves the use of Fusarium oxysporum, a plant fungus, in the biotransformation of naturally accumulated manganese by the leaves of the plant
Holoptelia integrifolia.

Chapter 3: Biosynthesis of intra and extracellular nanomaterials by using plants Section 1: Synthesis of gold nanoparticles by various leaf fractions of Semecarpus anacardium L. tree.

In this study, the natural ability of the S. anacardium leaf extract and leaf derived biomass to synthesize gold NPs from HAuCl4 was demonstrated. Comparison ofuntreated extract, boiled extract and untreated biomass showed that reduction of HAuCl4 was optimum in the reaction mixture with green extract.

Section 2: Synthesis of extra and intra cellular gold nanoparticles by living peanut plant (Arachis hypogaea L.).
We report, for the first time, both intra and extracellular synthesis of gold nanoparticles by using living peanut seedlings without any interference of other metal ions and complete characterization of nanoparticles. We have demonstrated the extra and intra-cellular formation of gold nanoparticles using living peanut seedlings. This result possibly shows the synthesis of intracellular nanoparticles by uptake of Au (III) and converting it to Au (0) by peanut seedling or the up-take of Au (0) from the extracellular nanoparticles solution synthesized by peanut seedling and transporting it to different parts of the plant as was studied in this section.

Section 3: Recovery of intracellular gold nanoparticles from peanut roots.
The recovery of intracellular gold nanoparticles which were synthesized in dry and fresh roots of peanut was made by extraction with ethanol, followed by sonication for 20 min. The recovered particles were further characterized by UV-vis, TEM and ICPAES as reported in this section.



Section 4: Callus cell mediated synthesis of gold nanoparticles.
Though there are reports on the synthesis of nanoparticles using bacteria, algae, fungiand viruses, there are no reports on the synthesis of GNPs using living plant cells. Here we report for the first time, the synthesis of intra and extracellular GNPs by using living peanut callus cells, which is an environment friendly and cheap method.

Chapter 4: Identification of biomolecules responsible for the biosynthesis of nanomaterials.
In this chapter, we report the isolation of protein from the peanut root and purification of protein which is helping in the formation of GNPs. The isolation of protein from plant sources has not been much studied. The purification of protein was done by FPLC method; different fractions collected were used to check the activity for the formation of gold nanoparticles. The active fractions were checked on the gel electrophoresis for confirmation of proteins. The formed nanoparticles were characterized by UV-vis, TEM and SAED.

Chapter 5: Applications of nanoparticles.
In this chapter we demonstrate, for the first time, the biosynthesis of cationic gold nanoparticles and their binding with p-DNA. The formation of cationic nanoparticles was noted and confirmed the charge on the surface of nanoparticles. As these particles were not stable for a longer time, the chemical mediated synthesis of cationic gold nanoparticles was carried out. Characterization of these nanoparticles by TEM, UV-vis and EDS analysis was done. The p-DNA bound to these nanoparticles was used as carriers for transformation of p-DNA into plant tissue.

Chapter 6: General discussion and conclusions.
This chapter of the thesis gives summary of the findings and conclusions derived from
the present work

